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(57) Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
execute a good black display, which is low in 
reflectivity and is colorless, by using two sheets of 
phase plates and specifying the relation between each of 
the optical axes of these phase plates, the product of 
refractive index anrsotropy and thickness, and the 
absorption axis of a polarizing plate. 

SOLUTION: This liquid crystal display device is 
constituted by successively laminating the polarizing 
plate 4, the phase plate 2, the phase plate 1, STN 
liquid crystals 3 and a reflection plate 5 from an 
external light incident side. The liquid crystal 
molecules in an liquid crystal layer has a twisted 
structure of 220 to 260° in twist angle θ. The 
product And of the refractive index anisotropy of An of 
* the liquid crystals and the thickness d of the liquid 
crystal layer 3 is 0.5 to 0.8u.m. The conditions, such as 
-105°<&phiv; 1 -&phiv; 0 <-10 o [ -85°<&phiv; 2 -&phiv; 1 <-20°, 
-50°<Y-&phiv; 2 <-80° 1 0.02^m<And 1 <0. 1 8u.m, 

0.32u.m<And 2 <0.42u.m are satisfied when the 
orientation direction of the liquid crystal molecules on 
the substrate surface on a first refractive film side is 
defined as &phiv; 0 , the direction of the absorption axis 



&phiv; 2 , and the And of the two double refractive films 
as And 1 and And 2 . 
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tl»*«l] Kit*. tiS*t*-»C»«Hfc* 

ffiEtti&ff ©saa^F & *t ft s« 

iSj^oTy-YX hft0a*2 2 0° ~2 6 0° ©'MX h 

«it£*ru ime*fi©B*f*s#ttA n tuMEJsaji 

fflg3dt©«And«t0.5~0.8/tmTSiD, ME 
S 1 ©ttffltfrtt 7 w JI/AlBoaSSiBiOtta^OElft 
*l^6*o. M7t«©©JK«icD*[6]$r» mi, ^2© 

1, jB2 0llIJftt7-f MO A n dSWftlA n d 

„ Andjint. (I) - 1 0 5° <<*>,- 4> 0 <- 
10°. -8 5° <* 2 -*[<-2 0° , 50°<r- 
(f> 2 <80°. 0. 0 2 wm<A n d,<0. 1 8 /im, 
0.32(ira<And 2 <0.42)[tm < JfcH, (II) 
- 1 0° <<f>,-<i>o<4 0° , -7 5°<d>,-*,<- 
55°. 10' <r-«i) 1 <30 1 . 0.12/zm<An 
d,<0.24#m, 0.32 (im<CA n d 2 < 0.42/1 
m. (Ill) - 1 0 5° <*,-* 0 <- 5 0 

° , 55° <<f> 2 -<f>,<8 0° , -60° <T-* 2 < 
-20°, 0.3 2/tm<And,<0.4 6(jm, 0.3 
2ym<And ! <0.42nm 1 Sfctt. (IV) 2 5° 
<<f>,-<f> 0 <7 5° . 6 0° <<f>j-<f>,<8 0° . 5° 
<r-* 2 <55°, 0 . 3 2 |im<A n d,<0. 4 2 i± 
m. 0.3 2(jm<Andj<0.4 2(tm, Sfcti, 

(V) 5° <*,-d) 0 <9 0 o . -75° <* 2 -d>,< 
-10°, - 7 5° <r-<l>2<- 10°, 0. 0 4 Mm 
<And,<0.2 2(im, 0 . 0 4 um< A n d 2 < 0 . 
2 2/im, ifclt (VI) 6 0° 9 0° , 

55° <(J> 2 -*i<80° , -35° <r-* 2 <-l 
0* , 0. 3 2 Atm<And!<0. 4 2 Aim, 0.12m 
m<An d 2 <0. 2 2 Mm, n^CD&fl^iSSJET 

SB. 

fflEE»«**ft1r;i>rt«fc«*Tfc*tt*K 1 fcE* 

SnTV»*«l#E2 £E*©K»S!tti&*jS8«. 

[0 0 0 1] 

[0 0 0 2] 

[t£*©i£fi5] STN (Super Twisted Nemti 

c) -LCDSffllifcS»S!««*wS6«*«r&«$nT 



[0 0 0 3] STN-LCDTSS, £*MRfc«a©IIBtC 
Hf S lmmg«ffl^7XSW«t5. HSU 
©*#£«3 0 0 X 1 0 0 (imgg)i©T. ffiS/^JI/ 

tt»fc*lll**»ifl-f*. ^oT, £©ttft£?i%£a& 

[0 0 0 4] ±E©#JR£UT, fi3t«— *SCT**a«?I 
flB&StfaiSTN-LCD (M3tfiSSTN-LC 
D) (9 4#«IW1i^fiBI, p 

p. 2 0 6 -2 0 7) Stltl/^. 
[0 0 0 5] ffi*®STN-LCDTU, ^©iliftUI 

fil^U STN-LCDT ftT*5S# BJtgTS -5*: 

[0 0 0 6] f*©STN-LCDTB, iSS^ 

#«ft«SSTN-LCDTttE**«flJ©ai 
Jt«**#l«sn-5©"r, S»«**A/t^;w*3K:a8»t 

r, ji([E©«©reifi**Pft-r*^t^flB"c*a. 
[0007] n©#5ttt-*:©<lJfc«, s»t«^rt^b 

»Ttt&WT^7^;uA {SfflStt^E 

[0 0 0 8] 

[»iBij»*ftL,t'5tt5ii] & 

S^^H^TSfc^ttt, 4 0 0~7 0 0 nm©« 

[0 0 0 9] IE*a*©«t 5 

-ftfflW:¥IMlSTN-LCDT11 #^©fc6 
fc**UT©*4£V»Sat*)G«*K3n, ^T©j&g«lCfe 

«©S5^iHk©«tfifC5l*UT, «V»Rit*#^-C€r*«fc 

[ooio] *mx<Dmm*m%?.w&&.ffiv>wm*m®: 
mM-t z> Rttmmshummm n t k * « . 

[0 0 11] 

S^ttAntJI^dOt (And) , MytU^iR^t 
©H«S#£Lfc. 

[0 0 12] BP*>, R*HK, ««swr*-*#©*«M 

A, ffl2©ttBSrl4:7^;i,A, <g%«£<ffilE©JIK:EIB 
3 ft. flftEttABn©»A&?tf£ttttfl!l£K;6t5*ffl] 
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mmzftfrr>Ty( X h&0&2 2 0 ° ~2 6 0° ©^ 
ij£HJi©/?;*d£:©*iAnd;^0. 5~0. 8 (imfg 

o , Kress i ©«a*f tt^ ^ ;i/A«©as«iLk©ttii#- 

0 2 . Sfc, fgl, fS2©«Jg«rl4:7^;UA©An d£ 
■5-n-^nAnd,, AndjitSi, (I) -10 5° 
<cf>,-<i>o<- 1 0° , -8 5° <£ 2 -<f>,<- 2 0 

° , 5 0° <r-<i>2<8 0° , 0.02/zm<And, 
<0.18/zm. 0.32/im<And,<0.42)im. 
Sfctt. (II) - 1 0° <<*>,- <2> 0 < 4 0° . - 7 5° 
<<i>2-<J> 1 <-5 5" , 1 0° <7-<*> 2 <3 0° , 0. 
12ym<And|<0.24^m, 0.32/zm<An 
d ! <0.4 2(tm, $fcH (III) -105° 
<f> 0 <-50° , 55° <<j> 2 -<J>,<8 0" . -60° 
<T-*2<-20°. 0. 3 2 Mm<An d,<0. 4 6 
Atrru 0. 3 2 /zm<A n d 2 <0. 4 2 Mm, Sfett, 
(IV) 2 5° <4>,-<f>o<7 5° > 6 0 ° <<J> 2 -*,< 
80°, 5° <r-<f> 2 <5 5° , 0.32/zm<And 
,<0.42//m, 0. 3 2 /xm<An d 2 <0. 4 2 m 
m. Sifctt, (V) 5° <<*>,- <J> 0 <9 0° , - 75 s 
<£ 2 - <*>,<- 10°. - 7 5° <r-<t>2<~ 1 0 
°, 0 . 0 4 £im< A n d,< 0. 2 2 0.04/zm 
<Andj<0.22(im. Sfctt, (VI) 6 0°<<(>, 
-<*>„< 9 0". 5 5° <<J> J -*,<8 0° , -35° 
<T-*2<-10°, 0. 3 2 £4m<A n d,<0. 4 2 
ym. 0.12/im<And,<0.2 2tfm. ©V>T*l 

[0013] sfc. mzmm-£)itft> : y-7 -< )V5>&m 

[0 0 14] ±|2(r43V>T. Bf^B#0®ffi^Btrieii@ 

a*t>, *©«ft;#ft#«fttR©»«tta:«&--8rr 

[0 0 15] Cint'JcoT. ilSM$T\ rt^. i£©£ 

<. ^O. i^fi©iSi& ilt 5 ^ t *5T^ 5. 
©ftUB, 3»»©ffMBfc:oHTtt» SKifi'**. 
[0 0 16] 

[5SWo*M©»l8] jy.T. *»91©*jiS«£H®£fll 
[0017] CUSS^J 1) HI ti*fgBJ©£Mli$til* 

^i£«©-*j£#j©#fj*£^Tfc©T&s, 

■TSffi*»6fll3t«4, ffi*B«2. ffiftSl. STNiS 

3, Rlt«5;Wfi&«Ji3n;fctt«£&oTV»*. & 



43, HlCB«wS«BbftiJ'. STNM3*I»a 

[0 0 18] H2tt, H 1 ©««3gw««0#3te^ffl«- 
©3t*ft«S*f. d7t«4©®:iRffll 4, ffiffi«l© 
1. &*Bt£ 2 ©3fc*«| 1 2, STN«S3©fi: 

ffi««©^a^©E^r^j i o £^n^*n, r , 

[0 0 19] STN«I3fflSI^f}l SWS5» 
©^ffi^©B2rSj*[6] 1 0 t, H#*1K 5 #J©JgtJ|#^© 

SBrfii^rsii 3 t©a-rfttt^yf ^ ^eTtt^ti?.. 

[0 0 2 0] fi*ttR5ffl! , tf*5, ffitf&K 1 

[0 0 2 1] #^©^SHx^f6]**qstL.TSBtffh 

faoKjesi-r*. set, 4> 0 =(e/2) + 9o° tb 

[0 0 2 2] ifct, **SS0iJ©?g^*^»e^l©^B# 

tc, *», ^©aftfc^LT+^fcfflE^iSSt***^ 
-r&fc*©** 5 , *«trx. -t©K©»f^fcoviTattwr 

[0 0 2 3] fi3tt«4«^6A»Ufc^Jt«», 
4, fi[ffiS2, fitfHttl. STN*ft3*aiBbfc«. 

*. H©»£\ a»K. Aj6#5HfiBfc£STN*|*3fc: 

©®ttWc¥fffctfr.*Mi3fc£&*. 

[0 0 2 4] fi£-?T. STN»ft3Kltf«jRII#©*JBEj&« 
r5SPStlT , y»*«»T. Aj&^SPJflBtSAIfb&fcS 

x, Sara— ©itiiaBtttfeo, *-©<sw£#r3jjWH>£« 

[0 0 2 5] fUHfiWfcjG*. ffiffltRl. 2 £jSi©Lfc£: 
€f. ft*S©3t^ttK:¥ffa:J*»taift&J*4i'K:ttffl^ 
Wj£#©*fi**ttttS£fl:L&^. «E^T, A 

«*aia-raiu©*»nfli3t**'r*n*i'iss-r-s**» 

£<»rrs£> {4ffi«*Sjgtfe^©ffiR{s^fc. ^© 

«nafi*»»crt*-r*©-c. MTt^i^ttmfte**^©^ 

[0 0 2 6] @3(ffl 1 (C43tt^C^©#, li, W©jS 

^©WRiiTt^^-rEiT^^. ±teic*j^T, rsi— ©a: 
®?t*^ d^t*» jt. w©astt^^*5^-ri5i— ©a 
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[0027] sTNtta©aaiaifto«3ie«», bp*. 

[0 0 2 8] ^uT, tt, Cj£fc*HTlfflE 

J: 5 fcffifflftl ZMfeTZ. ffiffi«l©A 

cos^6 0 +— = 



3fc«©*JR«i7. >£©«*A*fflV5T, *S [l] -eft 
[0 0 2 9] 

- fc) - E? cos 2 ((j) 7 , - fa ) - £ y 2 sin 2 (fa - <>, ) 
£,£ y sin2((j> 2 -fa) 

- [1 ] 



[0030] ffiffl«isaja«©Cj&fci5W-<&« 

[0 0 3 1] W2fflAndtt, C^ICfeW-*«3tttt 

«S*-f***J^* h;i>©#ffi«2©ttSMiliK:¥fTfc 

it C2] TftJtStl*. 
[0 0 3 2] 
[ft 2] 

&,+-^ E A#«t l -«n; (m{4!83») - [2] 

[0 0 3 3] »©#SStC*fLT, WES 

[1] T«il©And^, j£ [2] TH£ffl«2(Z)A 

[0 0 3 4] aS, iHU »(£>fcgCDA n d 

dtt»<B«fi<Z)A n dco^jO. 9 7fg, i?<9i£gCDAn 
dttiSc7)iftS<7)And<D«3l. 0 7fgT*^»o «£^T, 

[0035] -e^T\ *ii«TH, fiasae^Bi^iSo 

&gtC*fbT, Sffi^cOAn d coffins CD feckrxs: 

r> * P <f> 2 * And,, And^M^fCo 
[0 0 3 6] *»WOB»tt, ffifflffitf— tmigSIBT 

[0 0 3 7] tt*«-ttfc«k0*:SlT#3l*« 
*OfSOS»*R R t*©S»*R B <05pi^ffl (R R +R 
B )/2 (%) STNftflOAndtOMSSSLfc 



[0 0 3 8] STNM30 , KXhft(i2 2O° , 2 

4 0°, 2 6 0°©i^f B fiffiftOAndCDilli 

[0 0 3 9] £(7)*^, (R R +R B )/2CDlBfiffiSO 

<R R +R B )/2<Z)«/hffi£:/D-/ hbfco 
[0 0 4 0] Stt^ttS^lCSfilCJtSAItb 

2 4 0° ^-<Xh0STNMt^TAnd=O. 5 8 

[0 0 4 1] *H16«k:*ViT, ^> 
S»*«tOt)fi<a:*i€rO0 I , * 2 > r, And^ 
A n dz^ffl^'&toiirttJKTtcS-rcase I— VlcD6^0 

^1^2 2 0° -2 6 0° , And$0.5-0.8/imS 

[0 0 4 2] 05te, case ICO*!, cf> 2 , r <DM&& 
if@t»§ 0 06aAnd,, And 2 Oig$ 

[0 0 4 3] /\°^;*-^£LT, ffiffitRlCWt^ttl 1 

Sffi*2^»7t^ttl 2 1 ©3fc*tt 1 1 

C»LTWft<l>r*i» «3ttR4<0»JR«|l 4**ffiffl 
«2 0>3te3M*l 2fc#bT&t-ft7-*2*£^^ D 

5ftttiiH5, 6ic*t\fc5K:, to^om 

[0 0 4 4] 

[*3] (I) -10 5° <* 1 ~cf> 0 <- 1 0° 
-8 5° <<f> 2 -*i<- 2 0° 

5 0° <r-* 2 <8 0° 

0.02 ii m<C A n d t <0 . 1 8 fim 
0.3 2 /zm<And 2 <0. 4 2 urn 
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case II—VIO^, (f> 2 , r> And,, And 
2 ^53^^H7-1 6 C^to 
[0 0 4 5] 

[*4] (ID - 1 0° <<*>,-(*>„< 4 0° 
- 7 5° <<f> 2 - <*>!<- 5 5° 
1 0° <r-cf> 2 <3 0° 
0.12 /im< A nd,<0. 24/zm 
0.3 2 /xm< A nd 2 <0.42/im 

(III) -105° <<i> l -(f> 0 <- 5 0° 

5 5° <* 2 -^,<8 0° 
-6 0° <r-<t> 2 <-2 0° 

0.3 2 u m< A nd,<0.46//m 
0.32m m< And 2 <0.42/im 

(IV) 2 5° <* 1 -* 0 <7 5° 

6 0° <* 2 -^ 1 <8 0° 
5° <r-<^ 2 <5 5° 

0.3 2 /xm<A nd,<0.42/im 
0.3 2 /im<A nd 2 <0.42/zm 

(V) 5° <<J>,-d> 0 <9 0° 
-7 5° <4> 2 -<t> l <- 1 0° 
-7 5° <7-<f> 2 <- 1 0° 

0.0 4 fi m< A nd,<0.22/im 
0.0 4 Mm<A nd 2 <0.22/xm 

(VI) 6 0° <:<f> i— <fc> 0 < ^ 0° 



5 5° <* 2 -* 1 <8 0° 

-35° <r - <J> 2 <- 1 0° 

0.32 u m< A n d,<0 . 4 2 jam 

0.12 Mm<An d 2 <0.22/im 

j^±(7)ci:^ td, 4> M <£> 2 , T. And t , And 2 $, _h 

IBOcase I — VI<DV^n*^*frfcK^f S^tfCJ; 

[0 0 4 6] J^TtC, case I — VI<Bft^W&#J££:^ 

[0 0 4 7] case I, IK I IK IV, V, yi<DKMm~ 
RPJP«JE#ttSrH 1 7, 19, 2 1, 23, 25, 27 
\z, ^Elf^-iSMtt^BlS, 2 0, 2 

2, 2 4, 2 6, 2 8tC^-r o 

[0 0 4 8] Klt*-«fi#ttTtt, SSHS^S 

Kl/2 4Ofa-NIl0t?O^S, R£S^ 

-fXhftO, And, fiffiKl And^ 
ffi«tE2©3t*tt<(> 2 , And 2 , {S7 , 6ffi4(7)®:iRttr^ 

* 1 C^to 

[0 0 4 9] 



* 1 







fl&HCO And 


r 


*1 


02 


And! 


And 2 


case \ 


240* 


0.7 


0* 


-20* 


-75" 


0.04 m m 


0.39 jt/m 


case II 


260° 


0.7 j/m 


-5" 


45' 


-25" 


0.1 7 fitm 


0.40 ft m 


case III 


260° 


0.8^rn 


0' 


-45" 


30° 


0.45 m m 


0.40 /* m 


case IV 


220° 


0.7/im 


-10" 


80" 


-30' 


0.38 /im 


0.40 /^m 


case V 


240" 


0.6 /im 


0* 


85" 


40° 


0.1 7 jum 


0.17 


case VI 


240" 




-30 - 


-80* 


-10" 


0.39 jum 


0.18^m 



[0 0 5 0] H17~28CfiHT. **ttffi*t6««— 

tk©»-&k:(R R +R^/ 2 &*t*©4*ttT? 

*H^01J £ It it £> {Ctk L, fc . 
[0 0 5 1] ffiffitS3&«— ttoWf"b=*Sc®«r'b. 

ntV^O"?, IgcDj&ft 0 . 5 5 ix mjfi^Tii, 

U *t5 <fctf»©$tfi© 0.62 /tmM*iatO. 4 5 

[0 0 5 2] WicDct^lC. h#6>#<2 2 0° ~ 

2 6 0° 1?, And^0.5~0.8/imOSTNM5: 

ffi«*103tt*tt*„ And., 2 ©>fc*(ft 



0 2 , And,, «7t*4«©4X$ir 135-01 6fC 

[0 0 5 3] &i>, #*SS0<J{C&UTte, r&®:M£4 

[0 0 5 4] mMM2) %.\Z. Jjv — yjJW&mfr 
-g-^-arfc^J€ria2 9 \Z <£ 0 tK?HT£,, 

[0 0 5 5] 1212 9©IMSat(i, ^/7XM7 
2, SWi5, £i?3«&II:tt8 2. 39J*B6 2, STN 
j£WtS6 1. ¥ffi<b)l8 1, 1j5-7<{)\,* 
9 0, ^5XSS7 1, ffifi«2. 
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[0 0 5 6] *I7-7J)1?9 0<kK»«5»4, -ttl* 
n*f[«I-r^>^^XS^7 1 <h7 2±OSTN»fi3« 

ns 0 

[0 0 5 7] K#« 5 ©fW> 0 6 2 €: 

[0 0 5 8] *HlM©STNSft3CD»M7 
220° -260°, AndliO.5-0.8/! m£>® H 
Tfe-5o ffiffi«l©3tt#Wl<(>i, And^ ffi*B«2<ZWfc 
3Mtt* 2 , And 2 , «3tffi4<Z)aftJRttrtt, 05-01 
6tC^Lfccase I —VI<Z)ttH^^tl*McaB!^SnT 

[0 0 5 9] R»«5tt7;i/59S#7XIS7 2 IC^ 

*«(C0^^X*«7 2<Z)*ffl£fifc?-*fe<i:fc:<fcoTSI 

[0 0 6 0] *7-7^M9 0(i:MW5C[)F H 1i:H 
SM«1|I*8 2, S91««6 2, STNSI3, 

(3 0 0 X 1 0 0 /img® KlJfc^TRtfm 

[0 0 6 1] S&l:, fiffifil036*i* 1( And,, 
ffiffi«2<Mte3Mtt<f> 2 . And 2 , ®7t«4C0©JRWr 
0 5 —EI 1 6 l^TKlTcase I — VI©l6HOV^n^ 

[0 0 6 2] *H5S#tJTi4. #I*_fc£, »<Z)S5SS:fT&'3 

[0 0 6 3] zL<D&5\z&?sm\*ti 5—7 

[0 0 6 4] 

[si] *5jHo*i«0*fta«*foi«s*T« 

[0 2] HlcottSassR^CDa-^flBW^Jt^ftflEft 



[03] 0lcDC^Ec4ottS#, flfc, ffCO^fi^WRM 

[04] tfck:J:0^a"C*Si«a*(Z>*fc*o 
filt*£ffiffllfi<0 A n d ©Si^tiT^^o 
[05] *^0JCO^ffl^JCOcase I p r^i 

[0 6] *^0jCDHffi^J(7)case ICO*,, <f> 2 , An 
dp And 2 C0lS^tit*^o 

[0 7] &3£mcDm&M<Dc<ise \\<D<t> { , <J> 2 , r (DM 
^^^"T0Ta5So 

[08] ^%mconW>m<Dczse U<D4> X * <f> 2 , An 
dp A n d 2 C0BB«**-rHT*So 

[09] #SfciK<0*Jfifisj<0case III<0<f> P <f> 2 , r<£>IW 

[010] *5SWOHS6^jC0case III©*,, <J> 2 , An 
dp And 2 OiKSt@T$^o 
[011] *»W©*JB«cDcase IV<D*p <f> 2 . r <D 
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